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The Effects of Underwater Gait Training using Additional Weight

Application on Balance and Gait Abilities in Stroke Patients
Jae Ho Park, Ph.D., P.T.

Department of Rehabilitation Center,

Chung Nam national university hospital

Abstract

Background: Stroke patients commonly present with
balance and gait disturbances due to sensory abnor—
malities and motor function loss. To improve these
impairments, the purpose of this study was to prove
the effects of underwater gait training using addi—
tional weight on balance and walking ability in stroke
patients.

Design: Randomized Controlled Trial.

Methods: Subjects participating in the study were
randomly divided into three groups.: Underwater Gait
training using Additional weight application Group
(UGAG) (#=12), Underwater Gait training Group
(UGG) (n=12), and control group (2=16). Subjects
participating in UGAG and UGG performed under—
water gait training, 3 times a week for 30 minutes,
for 6 weeks. All subjects who participated in the
study were assessed for muscle strength, balance,
and gait ability before and after the intervention.
Additionally, motor function and activities of daily
living (ADL) were assessed to assess their return to
ordinary life.

Results: According to the study results, all subjects
showed significant differences in all measures post—
The UGAG

nificantly improved scores on the muscle strength

intervention(p<0.05). showed sig—

(Medical Research Council, MRC) and motor function

© 2025 by the Korean Physical Therapy Science

(Fugl-Meyer Assessment, FMA) compared to UGG,
while UGG showed significant differences from the
control group on the muscle strength (MRC) and bal—
ance abilities (Berg Balance Scale, BBS) (Timed Up
and Go test, TUG) (p<0.05). Additionally, UGAG
showed significant differences in all areas except ADL
(Modified Barthel Index, MBI) compared to the control
group (p<0.05).

Conclusion: These results suggest that underwater
gait training using additional weight application may
be effective aquatic rehabilitation method to improve
muscle strength, balance and gait ability for with
stroke.

Gait, Muscle strength,

Key words: Balance,

Rehabilitation, Stroke
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A FekE o] 8F FERYPTH HEFT S ¥¥ 9 WY s mA= dF 31

Breh, FARSHE A48 FERAFA UF AT 7 57 AAL TA B2 485 e nAHal
FEUYFAS) WG Fatol 1 BT YFF AT G B ST Jung(2010)59] ATE B AT
2 717kl Wi @ekor], £E Z7)7k Aol ol AT AnE AusHllE 1 AT thi FEH

B3k Yoshihiro(2010) 5] A= A7-9] A7t HEF A7) ofd dnk =018 g o= Fayo] HEF
Ao A8 ans gIshlde AEAT) HE HEF FAE e FA s 488 75 2
THI AR PTHE vt A% AJAANE AT ATt shAEE I 7o =4S S5 ¥ A
93 B3 fAe thEA] eFdth(Park & Chung, 2017). B3 AgPATEL FA RS 283 ST HIPTHT
I AR FFHTIE HuE S5 A= A4 shloy FANSHE A& B2 Bl TR gedy
H LS Fato] AdRwd ot vl e FA|Reke} vl A et whE 5 E el gk vl

&5 dAke 73 = E?SE %E‘Oﬂ 7NA = &= AR, AGRYEES

[e] = = hl
B3 FH olde st a8 FTRYTH WS dlstas gk

LA

2 AT F 5479 AT At FESI o, Ao Fold BE tidAbe SeuistuE e A2l
of YL TS e R sIlth SRS k] ol d AR A S Sl TS| olslE Frekar AReH Q)
FYE 92 F FES AT A A 3o R Qg - Aol eAE HAs) slr] flEl 671 o]
73S 7H W ES SAE ATl 23eklvh o ghabe] 7] S Sk o AAS f1El SPSS ver.
25.0 (IBM Co., Armonk, NY, USA)& Al&3lo] Al 2502 159 HHXQB‘}?,{Q-. ool Hojdl AAE =

¥
olr
JE
tlo
>{\1
Hw

E AFSSHR] 3l 590 R 10m oS 2S = B3l 3 &2} 2 (Park & Chung, 2018) 3
TEHS 1 738 A 45% oI5t #¥Hel(Jung &, 2010)E YENE IHEZE AT =3 AT
gk kel Fedol ik osfie X mARel oJAlaEo] HEgh <1XFY
Examination score 24)(Vivas =, 2011)< zt& a2 7]e} Aoy A e A 2] ¢l Ao} 7HA] 2 o]
Q= S HoR Y B4 oz sHelrk(Park & Chung, 2018). FA Holdt thgaEe] /|RAQ
droE AWHA Q] AREE Table 1o A8l AX Holdth & Aol 5479 &2 T 1480 A 52

2 ¥ =5 T Gyl diidate] Hekek wste} ﬁ.‘%@ ) FHE Hﬁ}oq LAl O] ’\]7‘%}71 o] d /‘Pq
x

(minimum Mini-Mental State

(2—1040781-AB—N—-01-2016112HR) 2] %<<¢1& kol TS 23319l c).
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Total
Stroke patients
(n=60)

—»

Excluded(n=6)
-Declined to participate(n=6)

Randomized (n=54)

Allocation

UGAG
Underwater gait training +
Additional weight Group (n=18)
(30min/day, 3times/week,6week)
+ Conventional physical therapy

UGG
Underwater gait training +
Non-weight Group (n=18)
(30min/day, 3times/week, 6week)
+ Conventional physical therapy

Control group (n=18)
(over-ground gait training)
(30min/day, 3times/week,6week)
+ Conventional physical therapy

Pre-test

Follow-up

Lost to follow up(give reasons)(n=6)
-Medical condition(n=4)
-Discharged(n=2)

Lost to follow up(give reasons)(n=6)
-Medical condition(n=3)
-Discharged(n=3)

Lost to follow up(give reasons)(n=2)
-Medical condition(n=1)
-Discharged(n=1)

Post-test

[

UGAG
Underwater gait training +
Additional weight Group (n=12)

UGG
Underwater gait training +
Non-weight Group (n=12)

Control group (n=16)
(over-ground gait training)

Figure 1. Enrollment of stroke patients
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(1) FARsE A8t 51 3gPFH (Underwater Gait training using Additional weight Group: UGAG)
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gtk FEHAFHe] B £25 2] 98 MERES ARste] Aol Fefdh didate] Akt
B o] gty WS skl A&aigith Q) ALE 2dske] Ao a&S wol7] flste] By
S5z 35 Ak} 5 Akl 27] A8 S5 5%% STMIA 8 s Fdstel A8 shalth Atel di A
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(2) 51 3PFH (Underwater Gait training Group: UGG)

FF 0 FAL vh] S 00 RS H85 gm FPsts QurE £3 nd FAL ouw
7 B8 $FRYFAT BA P2l BAD NESE AR FAL SRk, YA FFRAF
A MERES o83t A £EF FANGCM 37t 5 P £ FAL AW

(3) thx+*(Control group)
NE2TS GA F EdE7Y LA 22 A NER A Bl SdS 8kl ek g 9A
T AukH el B8] AR (FFAEALLERR)E Wofor AR YTHS APt 5ok JAF
7

3 Frk= HEF o7 Aol 7t wo] 28511 9l H7F =721 Medical Research Council(MRC) (ICC=0.95)
£ ARgSte] s ] WskE Brleinh & 670 5 Wrlelalon 53 Hew 305 v o 7|Eeginh Wt
o]Fol AN BHEL: A A, ==, B A, = 3 il 2= B ks 20 R 67HA] SRk W7)e)
ATHPark & Chung, 2018). 118 =27} A2 vl= =3 Ao} Sl=e] 72 2RAelA] 54 slglon T 52k
B ok Aol S4BT T2 S5k RS 9 Aol W] e WS 223 F E2S FE1
I 4 ARlste] 54 O}Oﬂ‘:} o] thgh 542 ok A} A AejellA 25o] A5 A8t
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Al H2es HA S}ﬂq(Gregson et al., 2000).
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AAAP 5N TAAE5H Y AvkE ] WstE HUFE fste] A Aol R oR 55 &8E=
W18 A AHBerg  Balance  Scale, BBS)(ICC=0.99)9} LoyMMA7)1HAAHTimed Up and  Go,
TUG)(ICC=0.99)E AL3slgt) F #3 7= EMs Fo| 2o Wyt dol w7t w$- Bakslx] eke 71k
gk qr7tE FHS dolo] dA| 3 s o] s e ds Wrkskal A ek, Tk 1 WrHERE ol o] F
dell gk WEhsk S e 5 3)E gigh 1o} gk 2FE 7 oF A RE 98-S T 5 Aok (Berg,
Wood—Dauphinee & Williams, 1995; Podsiadlo & Richardson, 1991). TUG: 33] AAl3te] HA3S 71=35)
ATk Egk 2 Aol A= 10ME.PHAH10Meter Walking Test, I0OMWT)(ICC=0.91)5 AM&-3te] Ha &4
& Frleiele). RS Briehs ul /b ik o A s 94 T 5 SR 1I0MWTE % 33] A8k
B kS 715 AFHH(Pohl et al, 2002).

(3) +%71%50 QgALG7}

%715 gk 7P A2l 7= Fugl-Meyer Assessment(FMA)(ICC=0.97)o|t}. E Ao A=
FMAE o]&3lo] &57]5a B7letlom, FMAS] thefs 3 5 A 715 B7FE Al&lg 177] ah¢] 3HExt
S W7kete] 71538SiTh FMAE 7154 &8 7tel 23S glern], 3448 o g7he It
(Fugl—Meyer, Jaiasko, Leyman, Olsson, & Steglind, 1975). 18]a dAkigo] 3 72 Modified Bathel
Index(MBD (ICC=0.77) & AH&-351e] H7He a1tk MBIE 2449 v} 478 2835 #ile) F7k= 5 10
N FEo R A T 71 EAQl Ay EE 2o s 7to]th(Granger, Albrecht, Hamilton et al.,1979).

4. Am #A

2 ATE A5RAS $181e] SPSS ver. 25.0 (IBM Co., Armonk, NY, USA)& &-8-3fo] 48 3lelct
SH s ALY ZEA R dutd EMS AHFAH AAL Esle] B /\]sg 3R a1, FH ol st
ZF oPdAte] A A $-] WskE A7) 918 oS R t—testE &8st A ST e FRlo] v
65 F 2 A%k 7o) A2, 9 R 03 Seie] Make PSSR folud o} Wate sl
317 8l 4 Lrfx]EAHEA (one—way ANOVA)S AFE3}91 3L, Duncan methodE AFg8Fe] ALZ B2418 214
AL SAAR] Fo] S p<0.05F Azt A8

. A+4a3

AT HFHor F 4049 HEFT A}
UGAG(n=12)+= o4 3%¥ 34 99, UGG(n=12)+=

H 7o) Foletqith. iRt A UGAG% 684, UGGE 56.664, thZz-2 57.50412 53t
A Bxsn). =3k 7 2o Fe A AFS UGAGE 164.41cmet 66.87kg, UGGE 167.58cme}
69.87kg 18]al RIS 163.18cme} 65.18kg= L}EP:M. a8 zF 2F9] MMSEHSE 29.33+1.07,
27.16+1.74, 27.37+0.952 vepstth tiakte] s 2 7)17ke 7 zF 733709, 7.3370€, 77570 L E 671Y
o]Ale] HEF IXER AT T3 Aol Foldt Y AAELS Brunnstrom's Stage 4~59HA| 9] A ER
TAE e, UGAGE 497 59 504 77, UGG 497 4 507 89, th2w& 497 89 517 8o

goll Fofsigitt. Agtoll ol i date] JrEe
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2 TAEAT oA " ATl iRk BE tidAbe] TR B el ARl 5S4 RE Edto] A 7154
Ao At sl Table 1).

Table 1. General characteristics of the study participants.

T UGAG(n=12) UGG(2=12) 27 (2=16) F P
o] (year) 55.68410.42 56.66+4.39 57.50£9.90 .188 758
2174 (cm) 164.4146.84 167.5845.40 163.18+7.83 .326 .664
Az (kg) 66.87+5.16 69.87+7.05 65.1848.99 .633 778

7] 7Hmonths) 7.33+1.15 7.334+1.72 7.75+1.77 192 812
MMSE 29.33+1.07 27.16+1.74 27.3740.95 .994 .688
(score)

Brunnstrom AHA: 5 AGA: 4 4HA: 8 948 184
(stage) S5THA: 7 5¢HA: 8 S5HAl: 8 ’ ’

S / / /

9/3 4/8 9/7 .802 162

(/)

whe] 2

5/7 3/9 9/7 756 224

(Lt/Rt) / / /

g 7] A
= 5/7 3/9 8/8 .225 114
(F8/42)

UGAG: Underwater gait training using additional weight application group, UGG: Underwater gait training group,
MMSE: Mini—Mental State Examination, p<.05

2. {7} o A3k Ay}

(1) sA+4

oAl Avl Aol Folsk AR} B FA] o] 3 3FX| 3 H 7 Medical Research Council, MRC)ol|A
g 432 JERHTH(p<0.05). 53] UGAGE 15.83+0.68°14] 20.33+1.02% 4.50+1.65%¢] 2|3 3F
A4S BATHp<0.05). ©]&= 7} 7} 3.4140.90, 2.31+0.60 2] W3S Vebd UGG thxa Bluste] §-2]3
zZtolE Holm ¥ 34k A3E HERITH(p<0.05)(Table 2).
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Table 2. Changes in lower extremity muscle strength and balance ability of study participants.

UGAG(n=12) UGG(n=12) 2+ (n=16)

41
A
~
o

Pre—test Post—test Pre—test Post—test Pre—test Post—test

(i\(/?{i‘i) 15.83+0.68 20.33%£1.02 15.08%£0.90 18.50%0.67 15.81+0.75 18.12%0.71
Difference
4.50£1.65%t 3.41£0.90% 2.31%0.60
(post—pre) 28.629  <0.001
t —19.541 —13.146 —15.363
D <0.001 <0.001 <0.001
BBS
(score) 40.50£1.65 50.16£1.72 40.41£5.21 48.16%x1.80 40.62%£1.99 45.75%1.91
Difference
+ + * +
(post—pre) 9.66+1.97* 7.75%4.00 5.12+1.50 10474 <0.001
t —16.258 —6.707 —13.667
D <0.001 <0.001 <0.001
TUG
(sec) 27.25%£2.31 14.50£2.81 27.50%5.71 17.50%4.44 26.06£3.90 19.43%2.78
Difference ~12.7543.19% ~10.08+5.17+ —6.6243.44
(post—pre)
8.181 0.001
t 13.249 6.746 7.698
D <0.001 <0.001 <0.001

UGAG: Underwater gait training using additional weight application group, UGG: Underwater gait training group, MRC:
Medical Research Council, BBS: Berg Balance Scale, TUG: Timed Up and Go test.*: Significant difference (p<0.05)
between UGAG and UGG, *: Significant difference (p<0.05) between UGAG and Control, UGG and Control

2 Ao Ay AFtel gk g d At B S A o] W 133 HAH Berg Balance Scale, BBS)<ll 1 oju]
3 A= UERATH p<0.05). 53] UGAGE 40.50£1.65914 50.16+£1.72% 9.66+1.9773 2] 2|3t eA}S B
ATHp<0.05). °]= Z+ 7} 7.75+4.00, 5.12£1.50 Xu Wel2 1ol UGG Ul nlusle] o & Wes 1y
o &3k Aolo = R Bl /23 2Fo]E Bl HFH(p<0.05), UGG} vl A= 2] n
A 2kt p>0.05)(Table 2). %ﬂ’\i’ﬂ@?]@/‘}(l‘imed Up and Go test, TUG) 9*] BBS9} 5L 3 239
FE 2 UGAGS 20.25+2.3104] 14.50+£2.81 0% -12.75+£3.19%°] W3}Z Ho|n {93 x}o]= Llelyirh
(p<0.05). UGGS} xS 212 -10.0845.17, —6.62+3.449] W3S Holn F o]F {23 xfo] S Ko
W(p<0.05), UGAGS} Hlulate] o & WstE HolA|&= gttt
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(3) Basd

H Aol A3} At FHofdlk A B S4)] o]F 10mE.FAAH10Meter Walking Test, 10MWT) ol 4]
g 432 JeRITH(p<0.05). I % UGAGS 29.16+2.54014 17.08+1.25% % -12.08+2.89% 2] W3}
= YEFITHp<0.05). o] 7+ ZF -10.33+4.83, —7.81+£2.71 zg W32 Wel UGGE izt Hls) o &
HstE BHolou 1HETRe] Afolol A= izt Hlalo A= o] 3 Xfo] & Bl WA (p<0.05), UGGS} Bl
M Fo3 #fols YENA = &t (p>0.05)(Table 3).
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Table 3. Changes in gait, motor function, and ADL of study participants.

UGAG(n=12) UGG(n=12) 2 (n=16)

41

A
~
o

Pre—test Post—test Pre—test Post—test Pre—test Post—test

1?22”; 29.1642.54 17.0841.25 29.25+5.70 18.9144.79 28.1843.18 20.37+2.27
Difference ~12.08+2.89+ ~10.33+4.83 —7.8142.71
(post—pre) 08£2. 33+4. 812, 5102 0.011
¢ 13.819 7.410 11.517
» <0.001 <0.001 <0.001
FMA
(coope) 2366324 3016£LST 23.50£281 1891479 23.00£252  26.25+2.20
Difference
6.50+3.64% t 3.6643.28 3.9541.00
(post—pre) 5.084 0.021
‘ ~5.922 —3.867 ~13.000
» <0.001 0.003 <0.001
MBI
(core)  D9-33ET63  GT33%6.60 5350498 6LAOLTI8 5AITEBET  62.50%4.22
Difference 8.0040.93 7.9143.00 8.1242.12
(post—pre)
0.994  0.096
‘ —3.778 ~5.588 ~15.292
» 0.003 <0.001 <0.001

UGAG: Underwater gait training using additional weight application group, UGG: Underwater gait training group,
10MWT: 10Meter Walking Test, FMA: Fugl—Meyer Assessment, MBI: Modified Bathel Index. t: Significant difference
(p<0.05) between UGAG and UGG, #*: Significant difference (p<0.05) between UGAG and Control, UGG and Control.

(4) 571 2 LA e Fr}

2 ATt Ay} Aol ot g} B T4 o] % 2575 7HFugl—Meyer Assessment, FMA) <} A4
Ago]| 73t H7H Modified Bathel Index, MBI)olA 2= 3t A3= YEFATH p<0.05). FMAS] A¥gto =
UGAG= 6.50+3.64741 2] Rs}#S Wl om, UGG vl 7} 7} 3.66+3.28, 3.25+1.00 ] Wsts Wolr
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